Requested Patent; EPQ405233A1

Title: DIPHENYLUREA DERIVATIVES.
Abstracted Patent: EP0405233 ;
Publication Date: 1881-01-02 ;
inventor(s):

SEKIYA TETSUQ (JP); INOUE SHINYA (JP); TANIGUCH! MASAO (JP), UMEZU
KOHEI (JP); SUZUKI KAZUG (JP);

Applicant(s}. MITSUBISHI CHEM IND (JP) ;

Application Number; EP19800111195 19900613 ;

Priority Number(s): JP188001068986 19900423, JP18880152504 19880615 ;

IPC Ciassification: ABIK31/17; CO7C275/28; COTC335/186 ;

Equivalents:
AUS700900, AUB2B583, CA2018848, DEBS004164D, DEGR004164T, ES2059803T,
Us5063247 ;

ABSTRACT:

Novel diphenyiurea derivatives represented by the following formula (i), wherein R1 is an alkyl
group of 5 to 18 carbon atoms, each of R2 and R3 is independently an alkyl groupof 110 5
carbon atoms, an alkoxy group of 1 to 5 carbon atoms or a halogen atom, R4 is hydrogen atom,
an alkyl group of 1 to 5 carbon atoms, an alkoxy group of 1 to & carbon atoms or a halogen
atom, and X is oxygen atom or sulfur atom, are provided. The compounds are potent in reducing
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& Diphenylurea derivatives.

& Novel dipnenylurea derivatives represented by the following formula ()):

)
/@ NHCNH
R

R

®/ ®

R

Rg

wherein R4 is an alkyl group of 5 to 18 carbon atoms, each of Bg and Ra is independently an alky! group of 1 1o
5 carbon atoms, an alkoxy group of 1 fo 5 carbon atoms or a halogen atom, R. is hydrogen atom, an alkyl group
of 1 to 5 carbon atoms, an atkoxy group of 1 10 5 carbon atomns or & halogen atom, and X is oxygen atom or
sulfur atom, are provided.

The compounds are polent in reducing the cholesterol level in serum, and useful for freating hyperiipemia
and atherosclerosis.
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DIPHENYLUREA DERIVATIVES

Field of the Inveniion:

The present invention relates 1o diphenylurea derivatives which are potent in reducing a lipid level in
biood and, therefore, useful as therapsutical madicines for hyperlipemia and atherosclerosis.

Background of the Invention: -

Heretofore, it has been-considered thai metabelic error of lipids is one of the major dangerous factors
causing an abnormal increase In and imbalance of 2 level of lipids in blood, which results in arieriosclerosis
and finally, ischemic heart disease or cerebral embolism.

Some kinds of diphenylures derivatives are known to exhibits an effect for reducing the lipid level in
biood (German Offerdegungsschrift No. 2928485). However, these compounds are not sufficiently potent in
reducing the level of cholesterol in bleod as therapsutical medicines for hyperipemia. Thus, it is further |
demanded to develop a more potent medicineg which ¢an reduce the level of cholesterol in blood.

Summary of the Invention:

As a result of the extensive studies, the present inventors have revealed that @ specific class of
diphenylurea derivatives is potent in reducing the level of cholestierol in blood and shows an inhibitory
activity of an enzyme, acy] coenzyme cholestero! acyliransferase {ACAT) which was recently reported to act
an important role at cholesierol metabolism, and achisved the present invention.

Specifically, the present invention provides a diphenylurea derivative represented by the following
jormula (I}

X
. /@ NHONH- ®/ M

wherein Ry is an alkyl group of 5 10 18 carbon atoms, each of Bz and Rs is independently an alkyi group of
1 to & carbon atoms, an alkoxy group of 1 to 6 carbon atoms or a halogen atom, Rs is hydrogen atom, an
alkyl group of 1 1o & carbon atoms, an alkoxy group of 1 10 5 carbon atoms or a halogen atom, and X is
oxygen atom or sulfur atom.

The compounds according fo the invention are potent in reducing the cholesterol level in serum, and
accordingly, useful for treating hyperlipemia and atheroscierosis.

Detailed Description of the Preferred Embodiments:

The diphenylurea derivative according to the present invention is represented by the above formuia (1).

The examples of By in the formula @}, I.e., an alky! group of 5 {0 18 carbon atoms, include n-pentyi
group, neopentyl group, isopentyl group, n-hexyl group, ischexyl group, n-heptyl group, n-octyl groap, n-
nonyl group, n-decyl groum, n-undecyl group, n-dodecyl group, n-ridecyl group, n-detradecyi group, n-
pentadecyl group, n-hexadecyl group, n-heptadecyl group, and n-octadecyl group. As the alkyl group of 1
to 5 carbon atoms of Re, Ra and R, there may be mentioned methyl group, ethyl group, n-propyi group,
isopropyl group, n-bulyl group, iscbulyl group, t-butyl group, n-pentyl group, isopenty! group, sec-pentyl
group, tpentyl group, or neopentyl group. As the alkoxy group of 1 fo 5 carbon atoms, there may be
mentioned methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n-butoxy group, isobuioxy
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group, +buioxy group, n-pentyloxy group, isopentyloxy group, sec-pentyloxy group, t-pentyloxy group, or
neopentyloxy group. Furthermore, as the halogen alom, there may be mentioned fluorine atom, chiorine
atom, or bromine atom.

In the formuiz {I), Ry may prefersbly be a normat alky! group of 6 to 10 carbon atoms, and more
preferably, R1 s present at 2- or 4-posiiion of the benzene ring, and mere preferably, Ry is hydrogen atom.

The preferred examples of the compounds according to the present invention include those listed in the
foliowing Table 1.

Table 1
3 2 5;‘1 R R
s @LNHCNH
Ry~ R

R, R, . R R, X
2-n-CsHyy  i-CoHy i-CyH; H 0
2-n-CsH,; Cl Cl H 0
2-n-CgH,,  CHj CH, 4-CH; 0
9-n-CeHiz  CoHs CoHs H 0
9-n-CeHyy  i-CsHy i-CH; E 0
2-n-CeH;s Ol Cl H o)
9-n-CeH;;  OCH; OCH; H o
9-n-CeHy  CHs CH; 4-CH, 0
9-n-CiHys  CoHs C,H; H o
2en-CyH;s  i-CsHy i-CH, H 0
9-n-CH;; F F H o)
2_n-CH;s Cl al I 0
2-n~0qH;;  OCH; OCH, H o)
2-n-CqH;s  t-CiHs CH, H o)
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Ry Rq Ry Ry X
2-n-CqH;s sec~ CyFly CoH; H O
2-n-CyH;s  CHs CH, 4-CH, O
2-n-C/Hy;; F F 4-F 0
2-n-CiH;s Cl Cl 4 -Cl o
9-n-C;H;: OCH, OCH, 4-0CH, O
2-n-CgHyy CH, CH; T H 0
2-n-CgH;r GCoHs CaHs H Q
2-n-CgHy i-CyHy i~CoHy H 8]
2-n-CgHiq F ¥ H Q
2-n-CgHyy  Cl cl H o
2—n-~CpHyq 31‘ Br H 0
2-n-CsHy . OCH, OCH, H o
2-n-CgHyy  t-CyHs CH, = 0
2-n-Cglliy 8- CsHy C.H; H 0
2~-n-CgHq CH, CH; 4 - CH,4 0
2 —n-—CgHyy F F 4T O
2~n-CgHyy Cl Ci 3-0l 8]
2-n-GCeHy, Cl ol 4-C1 0
2-n~CyH,, OCH; QCH,; 4 - OCH, 0]
2-n-CeHy; Ol Ci 3-CH; O
2-n-CgHy  Cl cl 3-0CH, O
2-n-CeHyg CoHs C.Hs H O
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R, R, R, Rq X
2-n-CeHyy  i-CsHz i-CH, H 0
9.n-CsHys F F H 0
9-n-CeHy  Cl cl H 0
9-n-CsHy  OCH, OCH, H 0
9on-Cellys  CiHs CH, H 0
2wn-CgH;g sec— CsHs C.H; H O
9-n-CeHis  CHj CHa 4-CH, O
2-n-CeHi F F 4-F 0
9en-CoHy  Cl cl 4-Cl 0
9-n-CoH;, OCH: OCH, 4-0OCH; O
9-n-CioHs  CpHs C.Hs H 0
2 n-Cuy  i-CoHy i-CeH; H 0
2-n-CgHy Gl o H o
2-n-CiHy  CH CH, 4-CH;, O
2en~-CyHg i-CoHy P-CeH, H 0
9-n-CnHy Cl cl = 0
2-n-CnHs; CH CH, 4-CH; O
9-n-CpHys  i-CeHy i-CH, E o
9-n-CpHy Cl cl H 0
2-n-CpyHy CHs CH, 4-CH; O
2-n-CuHy  i-CsHy i-CH, H o
2-n-CyHy Cl cl H o
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R, R, Rg R X
2-n-CiHyr  CH; CH; 4 - CH, o)
2en~CHye  i-CsHy i-CH,; H 0
9en-CuHy Cl Cl H 0
2-n-CpH  CH; CH, 4-CH;z 0
2-n-CysHa  i-CgHy i-CH; E 0
2-n-CysHy  Cl cl H o)
2-n-CuHy  CH; CH, 4-CH; 0
2-n-CieHas  i-CoHy i-CH, H 0
%-n-CieHay  Cl cl H 0
2-n—CigHy  CHy CH, 4 CH, 0
2-n-CyHgs  i-CoHy i-CeH, H O
2-n-CypHys  Cl cl H 0
2-n-CpHy;  CH, CH, 4-CH; O
2-n—CigHyy  i-CsHy i-CH, H O
2-n~CpgHyy Gl cl H o)
2-n-CysHyy  CH, CH, 4-CH, O
8-n-CsHy, i- CoHy i-CH, H o
8 —n-CeHya i - CgH, i-CH, H o
8 —n-C.H5 i - CqH, i-CH, H 0
8 —n—CgHyq i~ CgHy i-CH, H o
8—n-CeHys i -CyH, i-CH, H 0
3-n-CioHy  i-CaHy i-CH, H 0
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Ry R. Ry Rq X
3-n-CyHys i-CsHy i~ CaHy H 0
3 ~n-CyHas i-CoHy i=C3H, H 0
3 —n~Ci3Hay i-CyHy i~ CyHy E 0
3 -1~ CyHao i—CaHy i-CsHy H 0
3-n-CysHu i~ CaHy i~ CyHy H 0
8 —n - CyeHss i-CyHy i~ CgHy H 0
3-n-CyrHss i-CeHy i - C3Hy H 0
3-n-CysHir i~ CgHy i-CyHy H 0
4-n-CsHy, i CyHy i CaHy H. 0
4-n-CsHy a1 Cl H 0
4-n-CsHy, ' CH, CH; - 4-CH; O
4-n-CgH CoHs CoHs H 0
4-n-CeHs i~ CsHy  i-CaHy H 0
4-n-CeHps Cl cl H 0
4-n-CeHs OCH, OCH; H 0
4 —n—CeHyg CH, CH, 4-CH; ©
4-n-CiHs C.H; CoHs H 0
4en~CqHs i— CaHy i~CsHn H 0
4wn-CqHs F 0 H 0
4-n-CrHs ci ci H 0
4 ~n—CrH;s OCH, OCH, H 0
4-n-CrHg t—CH, CH, H o
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R, R, R R, X
4-n-CqyHys sec—CiH,  CoHy H 0
4-n-CqiH;s CHs CH, 4-CH, O

4-n_CH;; F F 4-F 0
4-n-CiHy Ol ci 4-Cl o
4-n-CiHy,  OCH, OCH, 4-0OCH; O
4-n-CsH;;  CHy CH; E 0
4-n-CgH;;  CoHg CoHs H o
4-n-CgHiy  i-CuHy i_CH; H 0
4-n-CgHy F F H o
4-n-CgHy;, Cl c H 0
4-n-CgHyq Br Br o O
4en-CeH;;  OCH; OCH, H o
4-n-CgHiyy  t-CeHs CH; H 0
4-n-CsHys  5-CeHe CoHs H o
4-n-CgHyy  CH; CH, 4-CH, O
4-n-CgHy, F F 4-F 0
4-n-CgHy; O ol 3-Cl 0
4-n-CgH,; Cl c1 4-C1 0
4-n-CsHiy  OCHs OCH, 4-OCH; O
4-n-CeHy Gl cl 3-CH; O
4-n-CsHy; Cl- cl 5-0CH;, O
4-n—CeHys  CiHg CoHs =4 o
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R, Ry Ra Rq X
4-n~CgHy  i-CaHy i-CgH, H 0
4en-CeHy,y F ¥ H 0
4:n-CsHy Cl Cl H ©
4-n-CeHys  OCH; OCH; H 0
4-n-CoHjs  CoHs CH, " 0
4-n-CoHjs sec—CsHy  CoHs H 0
4-n-CgH;e CHs CHs 4 —CH; 0
4on-CeHyy F F 4-TF 0
4-n-CeHyy  Cl Cl 4-Cl 0
4-n-CeHys  OCH, OCH, 4-0CH, O
4-n-CioHy  CoHs C.Hs H 0
4enwCioHy  i-CyHy i-CH, H 0
4on—CpHy Cl cl H o
4-n-CioHy  CHg CH; 4-CH, 0
4-n-CyHey i~-CyHy i-CH, H 0
4-n-CpyHyy Cl cl H 0
4-n-CpyHy  CHg CH, 4 -CHj 0
deneCrpHps  i-CaHy i CyHy H 0
4-n-CpHy Cl cl o}
4-n-CpHys CHy CH, 4 - CHj 0
4-1~CiaHy  i-CaHy i — CyHy H 0
4-n-CpHy Cl Cl H 0
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present invention also include those wherein X is sulfur atom, The exampies are shown in the following

Table 2.
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R Ry Rs R, X
4-n-Cpfy  CH; CHj 4-CH; O
4-n-CrHae  i-CsHy i-CsH, H 0
4-n-CuHy  Cl Cl H o)
4-n-CyHy  CHy CH, 4-CHy O
4-n-CsHy  i-CgHq i-CH, H o)
4-n-CieHy  Cl al H 0
4-n-CisHyy  CHy CHy 4-CH; O
den-CsHay  i-CoHy i-CH, H 0
4-n_CiHsy Ol cl H s
4-n-CiHy  CHy CHa 4-CH, O
4on—CiHas  i-CoHy i-GH, H 0
4-n-CpHzs  Cl cl B @
4-n—-CpyHgs  CH, CH, 4-CH; O
4-n-CigHgy  i-CgHy i-CH, H o
4-n-CiHy  Cl cl H o
4-1-CyisHy  CH, CH, 4-CH; ©

10




16

15

20

25

30

35

40

45

&0

58

EP 0 405 233 A1

11

Table 2
3. .2 1;: Re Re
‘ @LNHCNH—@
Ri7 5% Rs

Ry Ry Rah R4 X
2 -n-CsHis i-CsHyq i-CyH, H S
9-n-CyHy  i-CeHy i-CH, H s
21— CeHiy i~ CoHy i-CH, H S
2 11 — CoH,z - CsHy i~CH, H S
2wn—CroHa  i-CiHy i-CH, H s
8-n-CeHiy  i-CsHy i-CH, H s
§-n~CiHy  i-GCgHy i-C.H, H s
3:n-CeHyy  i-GCeHy -G, H s
3-n-CgHys  i-CsHy i-CH, H S
3on-CipHy  i-CoHy i-GH, H S
4on-CeHy  i-CgH,  i-CeH, H S
4-n-CeHys  i-CsHy i-C.H, H S
4-n-CeHy G- c 3-CH; S
4-n-CiH;s  i-CsHy i-CH, H 8
don-CqEy O cl 4-Cl S
4-n-CsHy  CoHs CoHs H S
4-n-CgH;r  i-CsH, i—CH, H S
4-n-CgH,;  OCH, OCHS, H S
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Ry Ry R Ry X
4-n-GCgH;; Ol cl =1 s
4-n-CeHys  i-CsHy i-CeHy H S
4-n—CeHg OCH, OCH, 4-0CH; S
4-n-CypHy  i-CsHy i-CH, H S
don-CyHp  i-CaHy i-CH, H 8
4on-CpHys  i-CeH;  i-CsH, H S
4-n-CiuHyy  i-CyHy i-CH, H S
4-n-CyuHy  i-CeH;  i-GH, - H 8
4-n-CuHy  i-GHy  i-GiH; H S
4-n-CyHg  1-CsHy i-CsHy, H 5
4en—CuHg  i-GCgHy i-C.H, H S
4on-CipHay  1-CoHq i-CeH, H s

It should be, however, undersiood that the prasent invention is not Brited o the above examples.
The compounds of the present invention may be prepared, for example, according 1o the processes

described below.

Method A-1

(1D

12

3
- (1L

Ry
/@~NH2 + R/@ NOX  ———— (D)
R’ 4 B
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/Q) NH, E/@ch —
Rq

@

ey,

13
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N @-N% ———— N /@»NH?:-Y .

(ID | X)
Ry
(D
R av
Meihod C—2
Ry i Ry 0
NH NHC-Y
R Ko
4 4
Rs Rg |
(Iv) T (D
D
Ri (D)

@

i4
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Method Do
]
g } -NH, ( ) Y—NHCS-R
R R
an (XTI
By
'/@ N
K R, IV)
~ (D
Method D=2

(1D

wherein, R, Ra, Re, Rs and X are the same as defined above, Y is a leaving group such as chiorine atorn
or aryloxy group, and R is an atkyl group of 1 {o 8 carbon atoms.

According 1o Method A-1, the compound (1) of the invention is prepared by reacting an aniline derfvative
of general formula (1) with a phenyl isocyanate or pheny! isothiocyanale dertvative of the formula (1} at a
temperature range of 0 C ic ca. 150° C in an inert solvent such as benzene, toluene, xylene, hexane,
heptane, tetrahydrofuran (THF), dioxane, ether, or NN-dimethylformamide. Method A-2 comprises the
preparation of the compound (i) of the Invention by reacting an aniline derivative of formula (V) with a
phenyi isacyanate or pheny! isothiocyanate of the formula (V) in a similar manner to Method A-1.

According to Method B-1, the compound {)) of the invention wherein X l& oxygen Is prepared by
converting a benzoic acid derivative of the formula (V1) into a phenyt isocyanate derivative of the formuia
(VIty using different procedures, followed by reacimg an anthne derivative of the formula (V) with the
resulfing isocyanate at a temperature range of 0°C to ca. 1507 C. The conversion of the benzoic acid
derivative of the formula (V1) into the phenyl Isocyanate derivative of the farmuia (VHl) may be achisved, for
example, by treating the benzokc acid derivative with DPPA (diphenoxy phosphory] azide) in ’che presence of
an inett amine such as iriethylamine at a temperaiure range of room temperature t0 ca. 150° C in an inert
solvent such as benzene, oluene or xyiene. Method B-2 comprises the preparation of the compound (I} of

15
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the invention wherein X is oxygen atom by converiing a benzoic acid derivative of the formula (VIlf} into a
phenyl isocyanate derivative of the formula {(X) and reacting the isocyanate derivative with an anifine
derivative of the formula (I} in an similar manner to Method B-1.

According to Method C-1, an aniline derivative of the formula {B) is treated with an activeled derivative
of carbonic acid such as phosgens or phenyl chloroformate to give a reactive intermediaie of the formula
0 such as an avylcarbarmyl chioride or an aryl ester of arylcarbamic acid, followed by reacting the
intermediate with an aniline derivative of the formula (V) at a temperature range of 0° G to ca. 100" C in the
presence of an inert organic amine such as triethylamine or N,N-dimethylaniline in an inert solvent such as
benzens, toluene, THF, chloroform or methylene chioride to obtain the compound (I} of the invention
wherein X is oxygen atom. Method C-2 comprises the preparation of the compound (I} of the invention
wherein X is oxygen atom by converting an anifine derivative of the formula {IV) into a reactive intermeddiate
of the formula (XI) and reacting the resulting intermediate with an aniling derivative of the formula (I} In an
similar manner o Methed C-1.

According fo Methad -1, an aniline derivative of the formula {Il) is converted using different procedures
1o & reactive intermediate of the formula (X}, i.e., an alkyl thivester of aryithiocarbamic acid, followed by
reacting the intermediate with an aniline derivative of the formuta (IV) at a temperature range of 50° C to
bolling temperature of the solvent used in an inert solvent such as benzene, tolusne or xylene 1o obtain the
compound {{} of the invention wherein X is sulfur atom. Method D-2 comprises the prepasation of the
compound (}) of the invention wherein X ig sulfur atom by converling an aniline derivative of the formula (V)
into & reacive intermediate of the formuia (XIH) , ie., an alkyl thicester of arylihiocarbamic acid, and
reacting the resulting intermediate with an aniling derivative of the formula (i) in an similar manner fo
Method D-1.

The compound (1) of the invention prepared according to any of the above methods can be purified by
recrystaliization from hexane, heptane, chioroform or methanol, or column chromatography over silica gel
aiter concenirafing the liquid part of the reaction mixture.

The present invention also provides an acyi coenzyme cholestero! acyitransferase inhibitor comprising a
diphenylurea derivative as defined hereinbefore as active ingredient, The inhibitor may be administrated,
preferably, orally o a human paiient.

The present invention further provides a pharmaceutical composition for trea’tmg hyperlipemia and
atherosclerosis comprising a therapeutically effective amount of a diphenylurea derivative as defined
hereinbefore, in admbdure with a pharmaceutically accepiable carrier, diluent or a mixiure thereof. The
composition may be administrated, preferably, orally to & paiient.

The formulation for the oral administration may be tablet, grenuls, powder, capsule, stc. The inhibitor or
pharmaceutical compaosition may further include usual additives known in the ari, for example, an excipient
such as glucose, lactose, comn starch or mannital, 2 binder such as hydroxypropyt cellulose (HPC) and
carboxymethyl celiniose {(CMC), a disintegrating agent such as siarch or powdery gelaiin, a lubricating
agent such as talc or magnesium stearate. -

The dose of the compound according to the present invention, in the case of oral administration, is from
1 mg to 1000 mg per day for an aduit, which may vary depending on the age, health conditions, body
weight of the patient, as well as, if present, the type, frequency and desired effects of co-treatment.

Examples:

The present invention is further illustrated in dedail with reference o the following examples. 1t should be
undersicod that the present invention is not limiied solely to those examples.

Example 1

Preparation of 1-(4-octyiphenyl)-3-(2,6-dichiorophenyhurea (Compound No. 2 in Table 3)

To 10.6 mi (5.3 mmol) of 2 toluene solution of 6.50M 2,6-dichloropheny! isocyanate was added 1.21 ml
{5.32 mmol) of d-octylanifine at room temperature and the whole was stirred for 16 hours. After removat of
the solvent under reduced pressure, the residue was recrysialiized from methanol to give 1.42 g (68%
yield) ot 1-{4-octyiphenyl)-3-{2,6-dichlorophenyljurea, the physical properties of which being shown in the
foliowing Table 3. The compounds No. 1, No. 13, No. 14, No. 17, and No. 18 listed in Table 3 were similarly
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preparod as above.

Example 2

Preparation of 1-{4-nonylphenyl}-3-(2.6-diisopropyipheny jurea (Compound No. 18 in Table 3)

To & 10 mi toluene solution of 1.0 g {4.04 mmol) of 4-nonylbenzoic acid was added 0.66 mi (4.28 mmol)
of triethylamine, After stiring at room temperature for 15 minutes, 0.89 ml {4.12 mmol) of DPPA (diphenoxy
phosphoryl azide) was added to the mixiure. The whole was heated for 2 hours under reflux and then
cooted 16 room temperature. After the addition of 0.77 ml (408 mmol) of 2,6-diisopropytaniline, the reaction
mixture was stirred for 18 hours and then concentrated. The residue was purified by subjecting it to column
chromatography over silica gel {eluent: n-hexane/chloroform = 1/1) to give 1.07 g {82% yielkd) of 1-(4-
nonyiphenyl)-3-{2,6-diisopropyiphenyljures, the physical properties of which being shown In the following
Table 3. The compounds No, 5, No.B, No. 7, No. 8, No.g, No. 10, No, 12, No. 16, No. 20, No. 21, No. 22,
No. 23, and No. 26 listed in Table 3 were similarly prepared as above.

Exampie 3

Preparation of 1-(4~octyiphenyl)-3-(2.4.6-trichlophenyhurea {Compound No. 3 in Table 3}

A 10 m! mothylene chloride soiution of 1.0 g (5.08 mmol) of 2,4,6-richloroaniline was added dropwise
over 2 minutes to 2 10 ml methylene chioride solution of 0.6 m! {4.97 mmol) of trichloromethyl chiorofor-
mate cooled to 5-6° C. After stirring at 5-6° C for 2 hours, the mixture was added with 1.04 g (5.86 mmol) of
4-octylaniline and then stirred at room temperature for 16 hourg. The reaction mixture was extracted with
chlovoform, and washed with an aqueous saturated solution of sodium hydrogen carbonate and an agueous
saturated solution of sodiurn chloride, successively. The organic layer was dried over anhydrous magne-
sium sulfate. After the removal of the solvent under reduced pressure, the residue was recrystallized from a
mixed solvent of n-heptane and chioroform to give 0.95 g 43% vyield) of 1-(4-octylphenyl)-8-(2,4,6-
trichlorophenyhurea, the physical properties of which bsing shown in the following Tabie 3. The compounds
No. 4 and No. 11 {isted in Table 3 were similarly prepared as above.

Example 4

Proparation of 1-{4-octylphenyl)-3-(2,6-diisopropyiphenyiithiourea {Gompound No. 15 in Table 3)

To & 16 mi N,N-dimethviformamide solution of 1.0 g (487 mmol) of 4-ociylaniline was added 1.07 ¢
(488 mmol) of 2,6-diisopropyt ihicisocyanate, and the whole was stirred at 100° G for 20 hours. The
reaction mixiure was extracier with ethyl acetate. washed with an agueous solution of sodium chioride. The
organic layer was dried over anhydrous magnesiurn sulfate and concentrated under reduced pressure. The
residue was purified by subjecting it fo column chromatography over silica gel (sluent: ethyl acetate/n-
hexane = 3/87) to give 098 g {46% yield) of 1-(4-actylpheny|)-8-(2,6-dilsopropyiphenyhithiourea. The
physical properfies of the compound are shown in the following Table 3.

Example §

Preparation of 1-(2-hexylpheny!)-3-(2.6-dilsopropyiphenyljurea (Compound MNo. 24 in Table 3}

To a 5 m! n-hexane solution of .42 g (2.35 mmol) of 2-hexylaniline was added 5 m! (2.35 mmol) of a
hexane solution of 0.47M 2,6-diisopropyipheny] isccyanate at room temperature and the whole was stirred
for 16 hours. The precipitated crystals were collected by filtration to give 0.65 g (81% yield) of 1-(2-
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hexylphenyl)-3-(2,6-diisopropyiphenyllurea, the physical properties of which being shown in the following
Table 3. The compound No. 26 listed in Table 3 was similarly prepared as above,

18
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Test Example 1

The effect of reducing a lipid ievel in blood by the action of the compounds according to the present
invention was determined as follows:

Male golden Syrian hamsiers weighing from 80 to 100 g were randomly divided into groups. The
hamsters were first fed standard laboratory diets (solid feed MF-1 for mouse/rathamster, manufactured by
Oriental Yeast Industries, KK} for 3 days. Then, they were fed ithe experimental dist containing 1%
cholesierol and 0.5% cholic acid {manufactured by Oriental Yeast Ihdustries, KK), ad libitum. At the same
time, the compounds of the invention formuiated in a shown dose (25 mg or 50 mg/10 mi water/kg) were
adminisiraied to the animals orally once a day at a delermined fime for 5 days. Water was adminisirated
orally i the hamsters of conirol group in an amount of 10 ml per 1 kg of body welght. After five days of
administrating the compounds, they were anesthetized with Pentobarbital Na {(Nembutal injection, manufac-
tured by Dainabbot) and three hours after the final adminisiration of the test compound, & biood samples (2-
3 mi) was taken from abdominal cava. The serum was separated by centrifuging.

The cholesierot level in the serum was determined by using a blood cholesterol measuring ki,
Determina-TCS manufactured by Kyowa Medix Go. The results ars represented by percent inhibition (%) of
cholesterol level in serum relative to that of the control group, and shown in the following Fable 4, each
compound number corresponding to that in the above Table 3.

Table 4
Percent inihibition of
choilesterol In serum (%)
Compound 25 mglkg 5 mgfkg
No.
2 49
4 55
5 44
7 48
8 55 35
11 47
12 54
13 54
16 34
17 B0
18 49
18 64
20 59
25" 19

1) Compound No. 26 was used as reference.

Test Example g

The ACAT inhibifory action of the compounds according o the present invention was measured as
follows:

AGAT aciivity in the hamster mictosomes was defermined by measuring the rate of radio-active
chotesteryl-**C] oleate formation from cholestercl and radio-labelied oleoyl coenzyme A (*C) with or
without test compound.

Calculations of 10so value were made using dafa of the psrcent inhibition at each compound
concentration. The results are shown in the foliowing Table 5, each compound number corresponding to
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that in Table 3.

Table 5
> Compound | ACAT inhibitory
No. activity [Cea{tiiVi)
8 0.004
17 0.011
10 18 0.006
19 0.010
20 0.012

15
Test example 3
20 pcute toxicity test
A compound according to the present invention suspended in a 1% tragacenth solution was ad
ministrated orally o SD male and female rats. Then, the number of fatal rate was counted during seven day
2 observation. The LDso value is shown in the following Table B, the compound number corresponding to that
i the above Table 3.
Table 6
30 Compournd L Ds0
No. (mglkg
P.G.)
8 =2000
35
Examples of formuiaiion
40

{1} Tablet

The following ingredients were mixed according to the usual manner and compressed to a tabiet using
<45 a conventional machine.

Cormpound No. 8 10 mg

Crysialline celiulose 21 mg
50 GCorn starch a3 mg

Lactose 65 mg

Magnesium stearate | 1.3 mg
585

{2} Soft capsule
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The following ingredients were mixed according to the usual manner and packed into a soft capsule.

Compound No, 8 10 mg
Olive oil 105 my
Lecithine 8.8 mg

Claims

1. A diphenylurea derivative represented by the following formula (I):

/@ NHONH Ca/ @

wherein Ry is an alkyl group of 5 ioc 18 carbon atorns, each of Ry and Ry is independently an alkyl group of
1 to 5 carbon atoms, an alkexy group of 1 1o § carbon atoms or a halogen atom, Re is hydrogen atom, an
alkyl group of 1 to 5 carbon atoms, an alkoxy group of 1 to 5 carbon atorns or a halogen atom, and X is
oxygen atom or sulfur atom.
2. A diphenylurea derivative as defined in claim 1, wherein Ry is a normal alkyl group of § o 10 carbon
atoms.
3. A diphenylurea derivative as defined in claim 2, wherein Ry is present at 2- or 4-pogition.
4. A diphenylurea derivative as defined in claim 3, wherein B is hydrogen atom.
5. An acyl coenzyme cholesterol acyltransferase inhibitor comprising a diphenyiurea derivative as defined in
claim 1 as active ingredient.
6. A pharmaceufical composition for reating hyperlipemia and atherosclerosis comprising & therapeutically
effective amount of a diphenylurea derivative as defined in claim 1, in admixiure with a pharmaceuticaily
acceptable carrfer, diluent, or a mixiure thereof.
7. A process for preparing a diphenylurea derivative as defined in claim 1, which comprises

A} reacting an aniline derivative of the following formula (it} [or {IV}]

Ry
{an avy

whetein, R1, B2, Ra and Rs are the same as defined above, with 2 phenyi isocyanate or isothiccyanate
derivative of the following formuia {Hl) [or {V}]
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wherein, Ry, Re, Ra, Rs and X are the same as defined sbove, in an inert solvent at a temperature range
ot 0" Cioca. 150 C:
B) converting a benxzole acid derivative of the following formula (Vi) [or (V)]

R

/Q cooH /@ COOH
Ry

Ry
(VD Rs
(VIID

wherein, By, Bz, Re and R4 are the same as defined above, info & corresponding phenyl isocyanate
derivative of the following formuia (VH) {or ()]

R

Do | Do
R

Ry 4
Rs
(VID

(IX)

wherein, B, Rz, Rs and Rs are the same as defined above, by treating the benzoic acid derlvative with
DPPA (diphenoxy phosphoryl azide) in the presence of an inert amine at & temperature range of room
ternperature to ca. 150° C in an inert solvent, and reacting an aniline derivative of the formula {iv) for {ih]
with the isocyanate (VI [or (1X)] at a temperature range of 0" Ciocs 150 C;

C) treattng an aniline derivative of the formula (i) [or (V)1 with an aciivaied derivative of carbonic acid
such as phosgene or pheny! chloroformate to give a reactive intermediats of the following formula 00 Tor
(<) such as an arylcarbamyl chloride or an aryl ester of arylcarbamic acid,

9 * 9
) )~ NHC-Y NHC-Y
i;‘1/@ L
X ' ‘ Rs

wherein, Fi, Rz, Rz and Re are the same as defined above and Y is a leaving group such as ¢hiorine
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atam or aryloxy group, and réacting the intermediate with an anifine derivative of the formuila {1V} [or ()]
at a femperature range of 0° C 1o ca. 108" C in the presence of an Inert organic amine in an inert solvent
to obtain the compound (1) of the invention wherein X is oxygen atom; or

D} converting an aniline derivative of the formula (Il Tor {IV)} to a reactive intermediate of the following
formuta (X1} for CHB] , i.e., an alkyl thicester of arylthiocarbamic acid,

(XT0) (XTI

wherein, R1, Re, Rs and R are the same as defined above and R is an alkyt group of 1 fo 3 carbon
atoms, and reacting the intermediate with an aniiine derivative of the formuis {(IV} {or ()] at a temperature
range of 50" G to bolling temperature of the solvent used in an inert solvent to obiain the compound ({J) of
the invention wherein X is sulfur atom.
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